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SECTION  I 


INTRODUCTION 

Significant  progress  has  been  made  in  the  development 
of  pulsed  low  voltage  electron  beams  for  both  lEMP  and  SGEMP 
simulation!  The  electrons  are  produced  by  flash  X-ray 
pulsed  power  systems  with  large  area  plasma  cathodes.  The 
emitted  electrons  are  utilized  by  allowing  them  to  pass 
through  very  thin  transmitting  anode  mesh/foil  structures. 
Their  characteristics,  which  can  be  varied  by  changing 
machine  arid  diode  parameters  fall  into  the  following  ranges: 


Electron  Energy, 
Current  Density, 
Pulse  Width, 

Area , 


V = 1-lOOkeV 

2 

J = 0.1-100  amps/cm 
t = 2-100  ns  (fwhm) 

A = 100-1000  cm^ 


Such  electrons  have  been  injected  into  cavities  of 
varying  geometries  and  pressures  in  order  to  assess  the 
magnitude  of  lEMP  currents  and  associated  fields!*®  Also, 
inverted  geometries  have  been  used  to  simulate  exterior 
emission  of  photoelectrons  from  surfaces  in  SGEMP  studies! 

These  electron  beam  machines  have  been  modified  to 
produce  low  voltage  bremsstrahlung  X-rays  using  a tantalum 

-3 

target  as  the  anode.  Maximum  X-ray  fluences  of  2 X 10 

2 2 
cal/cm  have  been  produced  over  areas  of  30  cm  . 

The  purpose  of  this  report  is  to  summarize  the  status 
of  this  type  of  simulation  and  to  indicate  areas  of  research 
to  which  the  technology  might  be  applied.  The  techniques 
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for  producing  and  characterizing  these  beams  are  described. 
Representative  lEMP  and  SGEMP  experiments  are  discussed  and 
data  presented. 


SECTION  II 


ELECTRON  GENERATION 

2.1  PULSED  POWER  SYSTEMS 

The  electron  beams  have  been  produced  using  Simulation 
Physic's  SFI-PULSE  machines.  These  are  solid  dielectric 
coaxial  lines  with  approximately  2 ohm  impedance  that  are 
d.c.  charged  with  a Van  de  Graaff  generator  to  voltages  up 
to  500  kV.  Three  machines  are  used,  the  SPI-PULSE  2500, 

5000,  and  6000.  A summary  of  their  nominal  characteristics 
is  presented  in  Table  1.  A photograph  of  the  SPI-PULSE 
5000  is  shown  in  Figure  1.  The  difference  in  generators  is 
the  voltage  to  which  they  can  be  charged  (the  SPI-PULSE 
6000  has  the  highest)  and  the  front-end  discharge  geometries. 
The  6000  has  been  modified  to  have  a lower  inductance 
geometry  than  either  the  2500  or  5000.  This  results  in  a 
faster  diode  current  risetime:  25  ns  as  compared  to  50  ns 
and  40  ns  for  the  2500  and  5000  machines,  respectively. 

Once  the  machine  is  charged  to  the  desired  voltage, 
the  stored  energy  is  discharged  through  a gas  switch  into  a 
diode  with  a large  area  plasma  cathode.  The  SPI-PULSE 
2500  and  5000  have  a single  breakdown  channel,  while  the 
6000  has  six  trigatron-initiated  parallel  channels  for 
lower  inductance  and  faster  current  risetime.  The  trigatron 
arrangement  also  allows  synchronous  switching  with  +2  ns 
j itter . 

2.2  DIODE  PULSE  TAILORING  TECHNIQUES 

A representative  diode  geometry  is  shown  in  Figure  2. 
An  8-inch-diameter,  40-ohm  vacuum  coax  expands  through  an  8- 


Table  1 


Nominal  SPI-PULSE  Generator  Characteristics 


SPI-PULSE 

PARAMETER 

2500 

5000 

6000 

Impedance 

1 . 6 ohm 

1 . 8 ohm 

1 . 8 ohm 

Charging  Voltage 

150  kV 

300  kV 

500  kV 

Electron  Energy 

1-80  keV 

1-150  keV 

1-250  keV 

Peak  Current 

20  kA 

3 5 kA 

50  kA 

Current  Risetime 

50  ns 

40  ns 

25  ns 

Pulse  width  at 

Ha If -Maximum 

3-150  ns 

3-250  ns 

3-400  ns 

Size 

3'  Dia.  X 

3'  Dia.  X 

3'  Dia.  X 

15'  Long 

15’’  Long 

15'  Long 

Generator 


2 MM  ANODE- 
CATHODE  GAP 


MIXING  CHAMBER 
CURRENT  SHUNT 


Figure  2.  Representative  Diode,  Mixing  Chamber  and  Window 
Configuration  for  lEMP  and  SGEMP  Experiments. 
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inch- long  transition  section  into  a 12-inch-diameter,  9-ohm 
cathode  holder.  The  surface  of  the  cathode  is  textured  to 
initiate  field  emission  over  its  entire  area. 

In  normal  operations  the  diode  exhibits  underdamped 
R-L-C  Circuit  response.  In  this  case,  the  pulse  width 
corresponds  to  the  ringing  frequency  of  the  system  and  is 
typically  120  ns  (baseline) . 

In  order  to  achieve  shorter  pulse  widths  the  diode  is 
"crow-barred"  by  using  a very  narrow  anode-cathode  separation 
(1-3  mm)  and  adding  low-density  air  in  the  gap.  A given 
pulse  width  depends  upon  the  machine  charging  voltage,  the 
cathode  edge  geometry,  the  gap  spacing,  and  diode  air 
pressure.  Figure  3 shows  the  effect  of  varying  machine 
charging  voltage,  gap,  and  diode  pressure  upon  pulse  widths. 

The  effect  of  this  crow-bar  technique  is  to  shorten 
the  current  pulse  transmitted  through  the  anode  by  cutting 
off  its  trailing  edge,  i.e.  by  completing  machine  discharge 
in  a short-circuit  mode.  The  technique  does  not  effect  the 
leading  edge.  Pulses  as  short  as  1 ns  (fwhm)  have  been 
achieved  in  this  manner. 

2.3  DIODE  MIXING  CHAMBER 

Cathode  emission  tends  to  be  in  the  form  of  uniformly 
distributed  2 - 3 mm  diameter  beamlets.  By  the  addition  of 
a "mixing  chamber",  shown  in  Figure  2,  the  beamlets  are 
allowed  to  mix  and  the  fine  structure  is  lost.  For  some  of 
the  very  low  voltage  electron  beams,  considerable  space 
charge  limiting  would  occur  in  the  1-inch  mixing  chamber 
drift  region.  Therefore,  the  mixing  chamber  is  Icept  at  an 
intermediate  pressure  to  allow  for  some  space  charge  neu- 
tralization. Figure  2 also  shows  a front  end  configuration 
employing  an  anode  mesh  without  a Mylar  diaphragm  so  that 
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the  mixing  chamber  pressure  is  the  same  as  that  of  the 
diode. 

In  addition  to  allowing  the  beamlets  to  mix,  the 
mixing  chamber  also  employs  a current  shunt  to  measure  the 
beam  current.  A current  monitor  placed  at  the  diode  records 
total  current,  which  includes  the  current  component 
associated  with  the  conduction  of  low-energy  electrons  through 
the  plasma  in  the  anode/cathode  gap.  This  diode  short- 
circuit  current  is  segregated  from  the  mixing  chamber  by 
the  anode  mesh. 

2.4  TRANSMITTING  ANODE 

The  emitted  electrons  pass  through  thin  transmitting 
mesh  and  foil  structures.  Representative  mesh  characteris- 
tics allow  77%  optical  transmission.  The  foils  used  are 
either  0.1  or  0.25  mil-thick  non-aluminized  and  aluminized 
Mylar.  Again,  the  particular  configuration  used  depends 
upon  the  beam  being  generated  and  whether  or  not  mixing 
chambers  or  extended  machine  geometries  are  present. 

The  thickness  of  the  last  foil  in  the  configuration 
(this  could  be  either  the  anode  foil  or  that  which  is  at  the 
exit  of  the  mixing  chamber)  is  chosen  to  eliminate  multiple 
electron  transits.  This  phenomenon  can  occur  when  space- 
charge  limiting  occurs  within  the  test  cavity.  Emitted 
electrons,  turned  around  by  the  space-charge  fields,  are 
accelerated  back  through  the  foil  into  the  mixing  chamber 
diode  gap  where  the  space-charge  field  again  reverses  their 
direction.  If  the  initial  electron  energy  exceeds  the  energy 
loss  associated  with  a triple  transit  through  the  foil, 
the  electron  will  reappear  in  the  test  volume,  thereby  raising 
space-charge  densities  above  the  "realistic"  condition.  A 
proper  foil  thickness  is  determined  by  gradually  increasing 
thickness  until  diode  impedance  characteristics  and  mixing 
chamber  current  stabilize. 
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SECTION  III 


ELECTRON  BEAM  DIAGNOSTICS 


3 . 1 GENERAL  1 

I 

In  order  to  make  meaningful  comparisons  between  computer  | 

code  predictions  and  phenomenology  observed,  it  is  necessary  | 

to  have  an  accurate  knowledge  of  electron  injection  parameters.  j 

Complete  characterization  requires  measurement  of  current  i 

density  across  the  injection  plane,  electron  energy  as  a 
function  of  time  and  position,  and  electron  angular  distribu- 
tion. A number  of  techniques  have  been  developed  to  acquire 
this  data  on  a routine  basis. 

3.2  INJECTED  ELECTRON  ENERGY  VERSUS  TIME 

The  diode  of  the  pulsed  electron  beam  machine  is 
equipped  with  a capacitive  voltage  monitor  which,  after 
appropriate  corrections  for  shank  inductive  voltages,  yields 
diode  voltage  as  a function  of  time.  However,  this  measurement 
is  not  a satisfactory  determination  of  injected  electron 
energy  because  of  the  error  introduced  by  the  inductive 
correction  and  the  energy  loss  the  electrons  undergo  as  they 
pass  through  the  mixing  chamber.  A time  resolving  electron 
spectrometer  is  therefore  used  for  this  measurement. 

The  magnetic  spectrometer,  diagrammed  in  Figure  4, 
gives  electron  energy  as  a function  of  time.  Careful 
attention  has  been  paid  to  electron  dynamics  in  the  design 
of  the  spectrometer  and  its  magnetically  shielding  mu-metal 
collimation  slits.  An  array  of  10  equal  area  rectangular 
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Figure  4.  SPI  180°  Magnetic  Spectrometer  with  10  Time 


Resolved  Channels 


copper  probes  is  placed  at  the  focal  plane  of  the  spectro- 
meter. A 1/e  response  time  for  each  probe  signal  of  less 
than  0.3  ns  has  been  achieved  by  extending  the  coaxial 
signal  line  to  within  1/16  inch  of  the  probe,  minimizing 
connection  inductance. 

109 

In  addition  to  magnetic  field  mapping,  a Cd 
internal-conversion  beta  source  has  been  used  for  calibra- 
tion. The  spectrometer  can  be  positioned  off  the  beam  axis, 
as  well  as  on,  and  at  varying  angular  positions.  Time  re- 
solved and  time  integrated  spectra  for  the  particular  lEMP 
and  SGEMP  experiments  were  measured. 

3.3  CURRENT  DENSITY  MEASUREMENTS 

Current  density  as  a function  of  position  is  measured 
with  a segmented  Faraday  cup.  A cross-sectional  view  of  a 
4 ring  monitor  is  shown  in  Figure  5.  Low  inductance 
connections  have  been  carefully  designed  to  achieve  a rise- 
time of  less  than  0.4  ns.  Since  Faraday  cup  axial  symmetry 
does  not  permit  the  resolution  of  azimuthally  asymmetric 
beams,  an  electron  stopping  plate  with  a ti/4  sector  removed 
was  placed  ahead  of  the  rings  and  stepped  around  the  full 
circle  to  determine  electron  beam  asymmetries. 


3 . 4 ELECTRON  RADIOGRAPHY 

The  sensitivity  of  X-ray  film  to  low  energy  electrons 
has  been  demonstrated!^  The  data  shows  that  the  film 
sensitivity  falls  off  rapidly  with  electron  energy  providing 
sufficient  resolution  to  obtain  additional  characterization 
of  electron  beams.  First,  anode  mapping  of  the  total  in- 
tegrated charge  distribution  was  performed  and  correlated 
to  time  integrated  Faraday  cup  measurements.  The  radio- 
graphy yields  special  information  more  readily  than  do  the 
Faraday  cups,  but  it  is  not  time  resolved. 
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Figure  5.  Design  Aspects  of  4-Ring  Segmented  Faraday 

Collector  Where  D is  the  Outer  Diameter  of  the 
Electron  Catcher,  S is  the  Current  Calibration 
in  Amps  per  Volt,  and  A is  the  Area  of  the 
Co] ] ertor  Seoment . 


The  electron  deposition  profile  can  be  determined 
by  placing  a step  wedge  over  the  X-ray  film.  This  profile 
gives  an  approximate  estimate  of  the  electron  energy  dis- 
tribution. In  addition,  thin  film  strips  are  placed  at 
the  focal  plane  of  the  spectrometer  to  give  time  integrated 
specta  for  those  electrons  which  have  sufficient  energy  to 
penetrate  the  emulsion  and  expose  the  film.  The  film 
sensitivity  can  be  determined  by  comparing  the  spectrum 
obtained  from  the  film  to  that  obtained  from  the  spectro- 
meter channel  response.  The  results  are  shown  in  Figure  6 
along  with  the  results  obtained  by  Dudleyl^  The  sensitivity 
scale  has  been  changed  to  relative  units  because  the  No- 
screen film  has  a different  absolute  sensitivity.  Finally, 
the  electron  angular  distribution  is  determined  by  allowing 
the  electrons  to  pass  through  small  apertures  in  a thin 
aluminum  plate  placed  on  the  anode  of  the  machine.  An 
X-ray  film  is  placed  approximately  one  cm  behind  the  aperture 
plate;  its  exposure  pattern  gives  the  electron  angular 
distribution . 


FILM  SENSITIVITY  (RELATIVE  UNITS) 


m 


ELECTRON  ENERGY  (KEV) 


Figure  6.  Relative  Sensitivity  of  Kodak  AA  X-Ray  Film 

to  Electron  Energy 
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SECTION  IV 


lEMP  SIMULATION 

4 . 1 GENERAL 

A number  of  lEMP  cavity-response  experiments  have 
been  performed  using  the  techniques  described  in  this  section! 
A typical  experimental  configuration  is  shown  schematically 
in  Figure  7.  This  configuration  is  essentially  the  same 
as  that  used  for  a series  of  "Benchmark"  experiments  con- 
ducted by  SPI  and  HDL  for  DNA.  The  "Benchmark"  experiments 
used  a Mixing  chamber  between  the  diode  and  test  cavity; 
these  experiments  do  not.  The  anode  window  consists  of  a 
65%  transmitting  stainless  steel  mesh  which  supports  a 0.1 
mil-thick  non-aluminum  Mylar  diaphragm.  A 12-inch-diameter 
right-cylindrical  cavity  is  attached  to  the  window  flange 
of  the  electron  beam  machine.  The  cavity  depth  is  varied  by 
changing  the  position  of  the  movable  Faraday  collector.  The 
cavity  is  housed  in  a vacuum  tank  by  means  of  a vacuum  feed- 
through assembly  to  the  rear  of  the  Faraday  cup.  Other 
implements,  such  as  the  spectrometer,  can  be  positioned  in 
the  same  manner. 

4.2  INJECTED  BEAM.  PARAMETERS 

In  a representative  "Benchmark"  experiment,  a 3 ns 
(fwhm)  pulse  was  obtained  with  a 3.25  mm  anode-cathode  gap 
at  a diode  pressure  of  60  microns.  An  injected  current 
pulse,  measured  with  the  mixing  chamber  monitor,  is  shown 
in  Figure  8.  For  this  particular  pulse  the  actual  injected 
current  measured  with  a Faraday  collector  in  the  test  cavity 
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VERTICAL  SENSITIVITY:  5.6  KA/DIV 
HORIZONTAL  SWEEP:  5 NS/DIV 


Figure  8.  Typical  Injected  Current  Waveform  Measured 
with  the  Mixing  Chamber  Current  Shunt 


is  within  10%  of  the  mixing  chamber  current.  There  is  a small 
decrease  in  amplitude  and  pulse  width  for  the  actual  injected 
pulse.  Table  2 lists  peak  current  measurements  for  a series 
of  20  consecutive  shots  taken  during  the  spectrometer  run. 

The  standard  deviation  of  the  peak  current  amplitude  can  be 
seen  to  be  ±4%  with  a maximum  deviation  of  -6%.  This  is 
representative  of  the  reproducibility  of  the  current  pulse. 

A sample  radiograph  of  the  injected  current  density 
pattern  normalized  to  measurements  made  with  the  segmented 
Faraday  collector  is  shown  in  Figure  9.  In  this  instance,  the 
current  density  distribution  is  somewhat  nonuniform  in  radius. 
Distribution  depends  strongly  upon  the  precise  conditions 
of  the  cathode  surface,  the  anode-cathode  gap,  and  the  config- 
uration of  the  anode  and  mixing  chamber.  Annular,  peaked  and 
more  uniform  beams  have  been  produced  with  different  configu- 
rations. Once  the  diode  has  been  fixed,  the  current  density 
distribution  remains  relatively  stable  from  shot  to  shot. 

Although  the  diode  is  instrumented  with  a voltage  monitor 
whose  signal  can  be  corrected  to  give  the  diode  voltage  as  a 
function  of  time,  it  is  questionable  whether  the  diode  voltage 
can  be  used  to  determine  the  injected  electron  energy  as  a 
function  of  time.  First,  it  is  difficult  to  make  a cathode 
shank  inductive  voltage  correction  when  a significant  portion 
of  the  total  current  is  short-circuit.  Second,  the  electron 
energy  is  degraded  during  transit  through  the  Mylar  window 
to  an  extent  dependent  on  the  incident  energy.  The  injected 
electron  energy  as  a function  of  time  is  therefore  best 
determined  with  the  magnetic  spectrometer. 

In  most  cases,  in  order  to  obtain  maximum  resolution, 
the  magnetic  field  is  adjusted  to  give  signals  on  9 of  the  10 
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TABLE  2 


Injected  Peak  Current  Reproducibility 


SHOT  NO. 

PEAK  CURRENT  (KA) 

5138  {HD36) 

4.9 

5139  {HD37) 

4.9 

5140  (HD38) 

00 

• 

5141  (HD39) 

4.  8 

5142  (HD40) 

4.8 

5143  (HD41) 

4.7 

5144  (HD42) 

5.0 

5145  (HD43) 

o 

• 

LD 

5146  (HD44) 

4.9 

5147  (HD45) 

5.0 

5148  (HD46) 

4.8 

5149  (HD47) 

5.0 

5150  (HD48) 

4.9 

5151  (HD49) 

4.8 

5152  (HD50) 

4.8 

5153  (HD51) 

4.9 

5154  (HD52) 

4.9 

5155  (HD53) 

4.9 

5156  (HD54) 

4.8 

5157  (HD55) 

4.  7 

Figure  9.  Injected  Beam  Current  Density  Distribution  From 

Segmented  Faraday  Collector  and  X-Ray  Radiograph 
for  12 -Inch  Diameter  Cavity  lEMP  Experiments 
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channels  (channel  10  gives  no  signal;  verifying  peak  energy 
is  on  channel  9) . Individual  channel  signals  are  shown  in 
Figure  10  for  one  position  of  the  spectrometer.  The  signals 
are  chopped  at  a level  corresponding  to  noise  for  clarity  of 
presentation.  The  channel  signals  are  time-synchronized  using 
a fiducial  mark.  If  a single  beam  oscilloscope,  e.g.  Tektronix 
7904,  is  used  the  fiducial  mark  is  duplexed  with  the  channel 
signal  using  a matched  power  divider.  For  this  experiment  channel 
8 was  used  as  a fiducial  mark  after  an  additional  length  of 
delay  cable  was  inserted  to  separate  the  channel  signals.  The 
channel  signals  were  normalized  according  to  the  amplitude  of 
channel  8 and  timed  relative  to  the  other  channel  signals  by 
their  position  with  respect  to  channel  8.  An  additional  time 
correction  is  applied  to  each  channel,  depending  on  the  energy, 
to  compensate  for  time-of-f light  differences  in  the  spectro- 
meter. The  channel  signals  are  limited  to  a risetime  of  1.2  ns 
due  to  the  combined  response  of  the  oscilloscope  and  spectro- 
meter. Also,  since  the  magnitude  of  the  current  is  low  in  the 
early  part  of  the  pulse,  low  energy  components  associated  with 
the  rising  portion  of  the  voltage  pulse  are  not  seen. 

The  electron  energy  as  a function  of  time  can  be 
reconstructed  from  this  data  as  shov/n  in  Figure  11.  In  this 
case,  the  average  time  of  the  channel  peaks  for  all  positions 
of  the  spectrometer  is  plotted.  The  vertical  deviation 
represents  the  energy  binwidth  of  the  channel  and  the  horizon- 
tal deviation  is  the  standard  deviation  of  the  time  of  the 
channel  peak  for  all  positions  of  the  spectrometer.  Presented 
for  comparison  is  the  electron  energy  determined  from  the 
voltage  monitor  signal.  The  mixing  chamber  current  is 
also  shown  to  illustrate  the  timing  of  the  injected  current 
and  the  electron  energy.  These  traces  have  been  time-synchron- 
ized using  a dual  beam  Tektronix  7844  oscilloscope,  which  triggers 
both  beams  simultaneously  with  a jitter  of  less  than  50  ps . 
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CURRENT  (mA) 


Figure  10.  Time  Resolved  Electron  Spectral  Data  for  the 
HDL  12-Inch-Diameter  Cavity  lEMP  Benchmark 
Experiment  (on  axis) 
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Delay  between  signals  is  determined  by  measuring  the  time 
delay  on  the  film  and  correcting  for  cable  length  differences 
measured  with  a TDR. 


4.3  REPRESENTATIVE  CAVITY  PHENOMENOLOGY  DATA 

Cavity  phenomenology  can  be  studied  using  the  electron 

injection  parameters  discussed  in  the  previous  section. 

Figure  12  shows  peak  transmitted  current  as  a function  of 

-4 

cavity  depth,  at  a pressure  of  10  torr.  For  shallow 

cavities,  little  space  charge  limiting  occurs.  At  a depth 

of  about  4 cm,  the  space  charge  barrier  is  essentially 

complete.  As  cavity  depth  (d)  is  further  increased,  the 

2 

transmitted  current  falls  approximately  as  1/d  . 

-4 

Cavity  pressure  can  then  be  varied  from  10  torr  up 
to  the  point  at  which  the  Mylar  window  ruptures,  about  10 
torr.  Representative  cavity  pressure  data  is  shown  in 
Figure  13  for  a 35  ns  (fwhm)  pulse  width  at  15  cm  deep 
cavity.  At  low  pressures,  (lelBS  than  10  microns  in  this 
case)  the  air  has  little  effect  upon  the  peak  transmitted 
current.  As  pressure  is  further  increased  in  the  range  ! 

from  20  to  70  microns,  air  ionization  results  in  space 
charge  barrier  dissipation  and  the  transmitted  current 
increases  rapidly  to  its  peak  at  70  microns.  Subsequent 
increases  in  pressure  causes  a reduction  of  transmitted 
current,  due  to  increased  plasma  conductivity.  The  emf 
associated  with  the  primary  electron  current  risetime  causes 
back-streaming  plasma  currents  which  reduce  the  net  trans-  I 

mitted  current. 

I 

Experiments  have  been  conducted  to  determine  peak 
transmitted  current  data  versus  pressure  for  a range  of 
injected  electron  pulse  widths  from  2 to  80  ns  (risetimes 
proportional) . In  all  cases  the  peak  current  was  about  the 
same  and  electron  spectra  were  comparable.  The  pressure  at 
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CAVITY  DEPTH, (CM) 


Figure  12.  Peak  Transmitted  Current  vs.  Cavity  Depth  at 

10“^  Torr  for  12-Inch  Diameter  Cavity  lEMP 
Experiments 


which  space  charge  neutralization  occurs  is  shown  to  vary 
strongly  with  pulse  width  as  would  be  expected  for  a 
collisional  ionization  model. 

This  type  of  data  demonstrates  the  utility  of  the 
simulation  technique  for  lEMP  studies.  In  addition  to 
empty  cylinder  end-on  injections,  side-on  injections  into 
"cluttered"  cavities  are  contemplated  and  scaled  system 
geometries  can  be  considered? 


SECTION  V 


EXTERNAL  SGEMP  SIMULATION 


5.1  GENERAL 

Low  voltage  electrons  can  be  applied  to  SGEMP 
phenomenology  studies.  The  diagram  of  Figure  14  illu- 
strates an  electron  beam,  SGEMP  experiment.  Electrons 
have  been  injected  through  a 12.5-inch  diameter  surface 
centered  on  the  end  of  a 6-foot  long,  30-inch  diameter 
cylinder  as  a simulation  of  photo-electron  emission  from  the 
cylinder  when  exposed  to  X-rays  end-on.  By  keeping  the 
emission  pulse  width  short  compared  to  the  two-way  transit 
time  for  the  emitter-tank  separation,  early  current  is 
comparable  to  that  for  an  isolated  cylindrical  object  in 
vacuum. 


5 . 2 SGEMP  APPARATUS 

Figure  14  and  the  photographs  of  Figures  15  and  16 
show  most  of  the  aspects  of  the  apparatus  used  to  perform  the 
experiment.  The  SPI-PULSE  6000  was  extended  6-feet  with  a 
2-ohm  solid  dielectric  line  into  the  center  of  a 10-foot 
diameter  by  12-foot  long  vacuum  tank.  The  14-inch  transition 
chamber  which  houses  the  12-inch  emitter  attaches  to  the  8 inch 
diameter  of  the  2-ohm  machine  extension.  The  extension  is 
expanded  in  diameter  to  30 -inches  with  the  addition  of  a light- 
weight aluminum  shroud.  The  result  is  emission  from  the  12.5- 
inch  diameter  window  at  the  center  of  the  30-inch  shroud 
cylinder  end.  In  addition  to  establishing  the  exterior  surface 
of  the  test  object,  the  shroud  also  provides  a region  for 


cabling.  This  geometry  is  different  from  the  lEMP  experiment 
previously  described  in  the  use  of  the  6-foot  long  2-ohm 
extension  (Figure  14) . 

Although  this  shroud  is  cylindrical  to  simulate  a 
cylindrical  satellite,  any  shape  can  be  fabricated  from 
light  weight  aluminum  sheet  metal.  Also,  by  using  inter- 
mediate drift  regions,  other  shape  objects  can  be  made  to 
"emit"  photoelectrons. 

5.3  EMITTED  ELECTRON  CHARACTERISTICS 

An  important  requirement  for  this  experiment  is  that 
the  clear  time  of  the  chamber,  i.e.  the  transit  time  of  an 
electro-magnetic  signal  from  the  emitting  surface,  be 
greater  than  the  electron  pulse  width.  A 6 ns  baseline 
pulse  was  therefore  chosen. 

In  order  to  characterize  the  electron  beam,  the  same 
apparatus  as  that  used  for  the  lEMP  experiments  is  used. 

The  14-inch  vacuum  chamber  containing  the  12-inch  diameter 
lEMP  cavity  with  diagnostics  is  attached  directly  to  the 
extended  diode/mixing  chamber  configuration. 

The  emitted  current  pulse  of  Figure  17  shows  a 6 ns 
baseline  and  a 3 ns  fwhm  with  a peak  current  of  about  4 kA. 
The  current  amplitude  is  lower  than  that  obtained  in  the 
lEMP  study.  This  is  a result  of  losses  associated  with 
energy  transfer  through  the  extension.  The  voltage  pulse 
also  shown  in  Figure  17  was  constructed  from  the  time 
resolved  spectral  data  of  Figure  18.  The  spectral  data 
shown  does  not  include  the  time  correction  for  time-of- 
f light  differences  in  the  spectrometer. 
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Figure  18.  Time  Resolved  Electron  Spectral  Data  for  the  SGEMP  Experiment. 


In  contrast  to  previously  presented  data  for  the  lEMP 
experiments,  the  electron  energies  are  much  lower  for  the 
SGEMP  experiment,  with  a maximum  energy  of  20keV,  A time 
> integrated  spectrum  for  this  case  is  compared  to  that  pre- 

viously discussed  in  the  lEMP  experiment  in  Figure  19. 

Figure  20  shows  the  emitted  current  density  distribution 
determined  with  both  radiography  and  multiple  ring  Faraday  cups. 
1 This  distribution  is  more  peaked  on  the  beam  axis  than  the  lEMP 

j beam  density.  The  peak  can  be  attributed  primarily  to  space- 

charge  expansion  of  the  electron  beam. 

The  angular  distribution  of  the  emitted  electrons  was 
I also  determined  using  radiographic  techniques.  The  distribu- 

I tion  of  electrons  passing  through  2 mm  diameter  holes  in  a 

I thin  aluminum  stopping  plate  at  a distance  of  7 mm  is  shown 

I in  Figure  21  with  an  overlay  of  the  experimental  geometry. 

I All  electrons  fall  within  a 30°  cone  angle  and  the  angle  of 

I half  intensity  is  approximately  15°.  This  agrees  reasonably 

well  with  a Monte  Carlo  transport  calculation  which  indicates 
that  electron  scatter  would  fall  within  a 25°  to  35°  cone. 

It  is  possible,  however,  that  a wider  distribution  is  present 
! containing  low  energy  electrons  for  which  the  film  is  not 

i sensitive  (Figure  6).  There  has  been  data  obtained  that 

: indicates  that  part  of  the  exposure  of  the  film  may  have  been 

due  to  X-rays  produced  in  the  diode. 

Using  the  12-inch  lEMP  cavity,  the  transmitted  current 
. for  this  particular  beam  was  determined  as  a function  of 

cavity  depth  at  10  ^ torr.  The  results,  shown  in  Figure  22, 
demonstrate  the  rapid  space-charge  limiting  of  electrons  as 
would  be  expected  in  view  of  their  very  low  energy.  Although 
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Figure  20.  Injected  Beam  Current  Density  Distribution  From 

Segemented  Faraday  Collector  and  X-Ray  Radiograph 
for  12 -Inch  SGEMP  Experiment 
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in  a different  gecjr.tjtry,  this  data  indicates  that  space- 
charge  limiting  will  be  a strong  effect  in  the  SGEMP  emission 
case . 

5 . 4 SGEMP  EXPERIMENTS 

A number  of  experiments  have  been  performed  with  the 
apparatus  and  electron  beam  described.  These  experiments  (to 
be  discussed  elsewhere^®  ) consisted  of: 

• Check  out  of  AFWL  UGT  magnetic  field  sensors. 

• Measurement  of  cylinder  surface  currents  with 
2n  emission  and  tt  emission. 

• Measurement  of  surface  current  with  a gap  in  the 
cylindrical  shroud. 
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SECTION  VI 

CONCEPTS  FOR  OTHER  lEMP/SGEMP  EXPERIMENTS 

6 . 1 GENERAL 

The  experiments  that  have  been  described  are  perhaps 
the  simplest  application  of  pulsed  low  voltage  electron 
beams  to  both  lEMP  and  SGEMP  simulation  and  have  demonstrated 
the  utility  of  these  techniques.  Based  upon  this  demon- 
stration and  the  available  apparatus,  it  is  meaningful  to 
consider  other,  and  in  some  cases,  more  complex  experiments. 
Many  of  the  experimental  concepts  to  be  described  have  re- 
suited  from  discussions  with  HDL,  IRT,  KSC , S , and  SAI . 

6.2  lEMP  EXPERIMENTS 

Variable  Electron  Parameters 

A wide  range  of  pulse  widths,  electron  spectra  and 
current  densities  can  be  injected  end-on  into  the  12-inch 
lEMP  cavity.  The  relevance  of  pulse  length  (tactical  versus 
UGT)  to  space-charge  barrier  breakdown  can  thereby  be  assessed. 

Oblique  Angle  Injection 

In  addition  to  end-on  injection,  side-on  injection 
and  even  injection  at  oblique  angles  can  be  considered.  It 
should  be  possible  to  use  mixing  chamber  type  geometries  to 
drift  a beam  such  that  it  can  be  injected  into  an  irregularly 
shaped  surface. 
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Cluttered  Cavities 


HDL  has  planned  a series  of  experiments  which  involve 
"cluttered"  cavities;  such  as,  cavities  which  contain  cables, 
diaphragms,  and  symetrically  and  asymmetrically  positioned 
half-discs . 

Dielectric  Phenomenology 

Some  experiments  have  been  performed  assessing  the 
effects  of  the  presence  of  dielectric  materials  upon  cavity 
lEMP^^^  The  precise  conditions  for  which  dielectric  surfaces 
can  provide  space  charge  neutralization  have  not  been  identi- 
fied. Also  the  effects  of  dielectric  surface  transient 
conductivity  upon  cavity  electric  field  distributions  are 
yet  to  be  assessedl^ 

Larger  Cavities 

With  the  availability  of  3-foot  and  10-foot  diameter 
vacuum  chambers,  missile  size  cavity  lEMP  experiments  can 
be  considered.  Experiments  have  been  performed  which 
indicate  that  1 meter  diameter  cathodes  can  be  made  to  emit 
uniformly  to  achieve  such  scale-ups. 

6 . 3 SGEMP  EXPERIMENTS 

Variable  Electron  Parameters 

"Cluttered"  type  geometries,  (e.g.  cables  attached  to 
the  emitting  structure)  can  be  evaluated.  IRT  is  currently 
planning  experiments  of  this  nature. 

Structure  and  Emitting  Geometries 

The  geometry  of  the  emitting  structure  can  also  be 
changed  easily  by  changing  the  shroud.  The  effects  of  di- 
electric windows  or  separations  of  skin  structure  upon  surface 
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currents  can  then  be  evaluated.  This  geometry  change  can 
involve  not  only  the  shroud  structure  but  the  emitting  surface 
itself.  Again,  as  in  the  lEMP  case,  the  beam  can  be  drifted 
to  and  through  almost  any  shaped  surface,  causing  it  to  emit 
photoelectrons.  Figure  23.  The  effects  of  corners  and 
edges  can  therefore  be  assessed. 

Electron  Spraying 

KSC  has  performed  an  analytical  evaluation of 
the  utility  of  spraying  electrons  upon  surfaces  to  simulate 
the  removal  of  photo-electrons  from  a surface  exposed  to  X-rays. 

The  results  of  the  analysis  indicate  that  this  could  be  a 

valuable  technique  for  inducing  relaxation  currents  and  poten-  ^ 

tials  on  a body  of  opposite  sign  but  with  the  correct  power 
spectrum. 

6.4  COMBINED  Xr-RAY  AND  ELECTRON  EXPERIMENTS 

A high  Z target  can  be  used  to  convert  electron 
energy  to  low  energy  X-rays  via  bremsstrahlung.  X-ray  spectra 
and  fluences  produced  by  beams  quite  comparable  to  those 
discussed  above  are  considered  in  Section  VII.  These 
environments  have  been  used  for  a number  of  cable  response 
experiments}**  By  use  of  a partially  transmitting  high  Z anode. 

X-rays  could  be  produced  and  electrons  injected  simultaneously 
into  a cavity  containing  cabling  and  electronic  circuitry 
(such  as  depicted  in  Figure  24) . This  configuration  would 
add  a TREE  capability  to  the  present  technology. 

6.5  evaluation  OF  SIMULATOR  VACUUM  CHAMBER  CLEAR  TIME 

A number  of  analytical  studies  have  been  performed  to 
evaluate  problems  associated  with  performing  an  SGEMP  experiment 
in  a vacuum  tank  whose  dimensions  are  small  compared  to 


50 


f 


irradiation  pulse  width.  Considerable  interference  of  the  body 
skin  currents  and  subsequent  emission  response  can  be  predicted. 
Little  data  however,  exists  to  demonstrate  these  effects!® 

The  10- foot  diameter  chamber  and  an  electron  beam  having 
a variable  pulse  width  provides  an  ideal  opportunity  to  study 
such  effects.  Skin  currents  on  the  cylindrical  structure  could 
be  measured  for  electron  pulse  widths  shorter  than,  equal  to, 
and  longer  than  chamber  clear  time.  In  addition,  the  effectiveness 
of  varying  damper  designs  could  be  assessed.  The  conclusions  of 
such  studies  would  have  significant  economic  impact  upon  the 
fabrication  of  a full  scale  SGEMP  simulator. 
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SECTION  VII 


X-RAY  CHARACTERIZATION  OF  SPI-PULSE  6000 

7 . 0 INTRODUCTION 

The  SPI-PULSE  6000  has  been  characterized  for  two 
X-ray  diode  configurations.  A 2.5-inch  diameter  high  im- 
pedance diode  is  used  for  small  area,  high  fluence  irradia- 
tions. A 12-inch  diameter  low  impedance  diode  is  used  for 
large  area,  lower  fluence  work.  X-ray  fluences  have  been 
accurately  measured  using  SPI's  gold  foil  X-ray  calorimeter 
described  in  Section  7.3.  The  X-ray  output  time  histories 
have  been  determined  using  CaF2:Mn  TLD's  with  values  verified 
by  an  absorber  foil  technique  with  the  calorimeter. 

Both  sources  were  optimized  for  maximum  X-ray 
production  with  reasonable  target  lifetime  by  adjusting  the 
thickness  of  the  tantalum  target.  In  most  cases  radiation 
fields  were  measured  for  more  than  one  machine  charging 
voltage,  V^. 

7.1  2. 5- INCH  DIAMETER  SOURCE 

Figure  25  shows  a simplified  diagram  of  the  2.5-inch 

diameter  X-ray  diode.  A 0.005-inch  target  (>>  electron 

range)  is  used  to  insure  unlimited  lifetime  with  the  high 

electron  fluences.  The  0.125-inch  aluminum  backing  plate 

provides  an  atmospheric  seal  allowing  irradiation  of  objects 

without  a vacuum  test  chamber.  Figure  26  presents  axial 

fluence  maps  for  several  charging  voltages  and  target 

thicknesses.  Maximum  working  fluence  at  the  face  is 

-3  2 

approximately  2 X 10  cal/cm  . Figure  27  shows  a two 
dimensional  map  for  the  configuration  producing  this  fluence. 
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□  □ 0.005-INCH  THICK  Ta 
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Figure  26. 


AXIAL  DISTANCE  - CM 

SPI-PULSE  6000  Axial  X-ray  Fluence  Maps  for 
a 2.5  Inch  Diameter  Ta  Converter  with  a Range 
of  Thickness  and  Generator  Charging  Voltages. 


Axial  dose  maps  and  a corresponding  2D  dose  map  are  shown 

in  Figures  28  and  29  respectively-  Beyond  20  cm  both 

2 

fluence  and,  therefore,  dose  fall  of  with  1/R  . A measured 
coupling  coefficient  is  then  0-05  cal/g  per  cal/cm  . A 
representative  spectrum  and  time  history  for  this  configura- 
tion are  shown  in  Figures  30  and  31  respectively. 

7.2  12-INCH  DIAMETER  SOURCE 

The  12-inch  diameter  X-ray  diode  is  shown  in  Figure 
32.  A thin  (<  electron  range)  tantalum  foil  is  held  between 
a special  clamping  ring  and  the  aluminum  electron  absorber 
plate.  This  configuration  has  proven  to  provide  the  most 
efficient  X-ray  production  at  0.44%.  With  the  thin  anode 
structure,  all  sample  irradiation  must  be  done  in  the  vacuum 
test  chamber  (14-inch  diameter  x 36-inch  long)  provided. 

Target  lifetime  is  unlimited  due  to  the  low  electron  fluence. 

Axial  dose  and  fluence  maps  are  given  in  Figures  33  and  34. 

-4 

The  maximum  working  X-ray  fluence  at  the  face  is  2 X 10 
2 

cal/cm  . Beyond  approximately  60  cm  the  fluence  and  dose  fall 
2 

off  with  1/R  as  shown  in  Figures  35  and  36.  These  quantities 

have  been  extrapolated  to  determine  the  radiation  field  in 

the  existing  3 meter  diameter  vacuum  test  chamber.  Figures 

37  and  38  show  the  two  dimensional  fluence  and  dose  maps 

respectively.  Minimum  values  in  the  chamber  are  approxi- 
-7  2 -2 

mately  5 X 10  cal/cm  and  5 X 10  rads  (Al) . A repre- 
sentative spectrum  and  time  history  of  the  bremsstrahlung 
output  are  shown  in  Figures  39  and  40. 

7.3  X-RAY  CALORIMETER 
7.3.1  Description 

The  X-ray  calorimeter  consists  of  thermally  isolated 
gold  absorber  foil  with  a sensitive  thermistor  circuit  to 
monitor  small  changes  in  temperature  due  to  energy  deposition. 
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Figure  21.  SPI-PULSE  6000  ISO-Fluence  Map  for  a 0.5  Inch 
Diameter,  0.005-Inch  Thick  Ta  Converter  at  a 
Generator  Charging  Voltage  of  300  kV.  (Ei,,,  <200  keV) 


AXIAL  DISTANCE 


RADIAL  DISTANCE  - CM 


Figure  29.  SPI-PULSE  6000  ISO-Dose  Map  for  a 2.5-Inch 

Diameter,  0.005-Inch  Thick,  Ta  Converter  at 

a Generator  Charging  Voltage  of  300  kV. 

(E.  <200  keV) 

nv 
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NORMALIZED  UNITS 
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Figure  30.  SPI-PULSE  6000  Bremsstrahlung  Spectrum 
for  2.5-Inch  Diameter,  0.005-Inch  Thick 
Ta  Converter  at  a Generator  Charging 
Voltage  of  300  kV.  (E^^  <200  keV) 


Figure  31.  SPI-PULSE  6000  Bremsstrahlung  Time 
History  for  a 2. 5- Inch  Diameter, 

0.005 -Inch  Thick  Ta  Converter  at  a 
Generator  Charging  Voltage  of  300  kV. 

(E^  <200  keV) 

hv 
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Figure  32.  SPI-PULSE  6000  12-Inch  Diameter  Cathode 
Configuration  for  X-ray  Production. 
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AXIAL  DISTANCE  - CM 

Figure  33.  SPI-PULSE  600  Axial  X-ray  Fluence  Map  for  a 
12-Inch  Diameter,  3 X 10“'*-Inch  Thick  Ta 
Converter  at  a Generator  Charging  Voltage  of 
300  kV.  (Ej^^  < 120  keV) 
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Figure  36. 


SPI-PULSE  6000  ISO-Dose  Map  for  a 12 -Inch  Diameter 
3.5  X lO"'^ -Inch  Thick  Ta  Converter  at  a Generator 
Charging  Voltage  of  300  kV.  (E^  <120  keV) 
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Figure  40.  SPI-PULSE  6000  Bremsstrahlung  Time  History 

for  a 12-Inch  Thick  Ta  Converter  at  a 

Generator  Charging  Voltage  of  300  kV. 

(E^  <120  keV) 

hv 


The  calorimeter  was  specifically  designed  for  photons  with 
energies  between  0 - 100  keV.  A cross  section  of  the 
diagnostic  module  is  shown  in  Figure  41.  The  (0.020  X 0.5 
inch)  diameter  foil  is  supported  on  a 0.00025-inch  Mylar 
membrane  to  minimize  heat  conduction  to  the  surrounding 
structure.  It  is  located  1 mm  behind  a 0.5-inch  diameter 
X 0.001-inch  aluminum  window  which  is  transparent  to  the 
X-rays  but  helps  isolate  the  foil  from  convective  or  radiative 
disturbances.  The  Mylar,  with  a thin  aluminization,  stops 
any  scattered  electrons  that  may  be  created  at  the  window. 
Errors  due  to  X-ray  or  photo  electron  scattering  from  the 
foil  edges  are  minimized  by  keeping  the  thickness  of  the 
gold  small  compared  to  the  diameter. 

The  thermistor  is  attached  to  the  rear  of  the  foil  via 

a high  thermally  conductive  grease.  A simple  circuit  biased 

by  1.5  volts  from  an  external  battery  monitors  the  thermistor 

output  voltage  and  provides  a signal  which  may  be  recorded 

on  a suitable  oscilloscope  or  other  sensitive  measuring 

device.  The  signal  consists  of  a variation  in  a stable  DC 

voltage  level  of  ^400  mv  which  must  be  biased  out  in  order 

to  be  displayed  on  higher  sensitivity  scales.  Figure  42 

shows  a typical  output  signal  as  the  foil  absorbs  an  X-ray 

burst.  Notice  the  thermal  decay  constant  is  quite  long. 

This  signal  was  recorded  on  a Tektronix  Type  551  oscilloscope 

(20  MHz)  with  a 1A7A  plug-in  preamp.  This  preamp  has  a 

maximum  sensitivity  of  10  y volts/cm  which  allow  fluence 

-5  2 

measurements  down  to  10  cal/cm  . 

7.3.2  Calorimeter  Calibration  Technique 

An  insitu  calibration  technique  is  used  to  determine 

2 

the  calorimeter's  sensitivity  in  terms  of  cal/cm  per  millivolt 
signal  over  a large  temperature  range.  A precision  temperature 
control  plate  is  used  to  provide  an  accurate  variation  in 
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temperature  down  to  tenths  of  a degree  Centigrade.  The  plate 
calibration  was  determined  by  comparison  with  a thermocouple 
circuit  and  a sensitive  thermometer.  The  inner  calorimeter 
assembly  with  membrane,  foil  and  thermistor  circuit  is  placed 

in  series  with  the  standard  signal  resistor  in  order  to  reduce 
the  output  voltage  to  a level  which  may  be  biased  out  by  the 
measurement  device.  A recently  calibrated  Keithley  Model  150A 
electrometer  was  used  for  this  purpose.  Figure  43  shows  the 
calorimeter  output  signal  versus  temperature  over  the  calibrated 
range  of  the  control  plate.  This  shows  an  almost  straight 
line  which  indicates  a constant  calibration  over  the  temperature 
range.  The  slope  at  different  points  was  checked  more 
accurately  using  smaller  temperature  increments.  The  resulting 
output  calibration  is  plotted  versus  control  plate  temperature 
in  Figure  44.  However,  since  this  depends  on  the  temperature 
calibration  of  the  plate,  a second  curve  showing  output 
sensitivity  versus  signal  level  is  given  in  Figure  ^5.  The 
calorimeter  sensitivity  is  equal  to  the  inverse  of  the  calibra- 
tion at  any  point  and  results  in  a curve  of  the  opposite  slope. 
Note  that  the  sensitivity  scale  has  been  expanded  and  that  the 
total  variation  over  the  range  of  interest  is  only  a few 
percent.  A temperature  change  AT,  is  converted  to  an  incident 
fluence,  Acj) , by  multipling  by  the  areal  mass,  m/A,  and  the 
specific  heat,  Cp,  of  the  gold  foil: 

m C AT 
A({)  = P 
A 

Since  the  output  relies  directly  on  the  biasing  voltage 
which  is  supplied  by  the  battery,  the  sensitivity  was  checked 
versus  battery  voltage.  It  was  shown  that  the  sensitivity 
varied  'V'  2%  between  1.63  volts  (new  battery)  and  1.5  volts  but 
dropped  off  sharply  below  1.5. 
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OUTPUT  SIGNAL  - mv 


Figure  43  . X-Ray  Calorimeter  Output  Versus 

Ambient  Temperature 
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Figure  44.  X-Ray  Calorimeter  Output  Calibration 

Versus  Ambient  Temperature 
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OUTPUT  SENSITIVITY 


7.4  SCINTILLATOR/PKOTODIODE 
7.4.1  Description  and  Operation 


The  scintillator/photodiode  is  a pilot  B scintillator/ 
fast  photodiode  combination  packaged  in  an  RF  tight’  module. 

It  was  designed  to  provide  a time  resolved  waveform  of  a pulsed 
X-ray  environment.  A cross  section  of  the,  diagnostic  is  shown 
in  Figure  46.  A cylindrical  scintillator  piece,  shielded 
radially  by  lead  sees  incident  photons  through  a thin  aluminum 
window  (0.3  inch  diameter).  The  instrument  is  optimized  for 
photons  between  0 and  100  keV.  Even  at  low  energies  the  window 
is  essentially  transparent  but  maintains  the  PJ'  and  light 
integrity  of  the  module.  The  scintillator  converts  a high 
percentage  of  the  incident  photons  into  light  which  can 
be  detected  by  the  thin  cathode  of  the  diode.  Biased  by 
90  volts  via  a miniature  coax  connector  (minax) , the  diode 
generates  a current  proportional  to  the  incident  light.  The 
signal  is  recorded  as  a voltage  waveform  into  the  50 
input  of  a scope  via  a second  coax  connector.  The  magnitude 
of  the  signal  cannot  be  correlated  directly  with  the  Quantity 
of  incident  photons  since  the  conversion  efficiency  from 
X-rays  to  light  in  the  scintillator  is  spectrum  dependent. 

The  battery  er.jlosed  in  an  RF-tight  box  with  coax 
connector  and  doubly  shielded  RG  174  coax  cable  are  provided 
with  the  module.  With  the  battery  connected  to  the  appropriate 
connector  (they  are  labeled) , the  signal  cable  should  be 
connected  to  the  50  input  of  a scope.  A 500  Mhz  bandwidth 
is  suggested  in  order  to  be  compatible  with  the  nanosecond 
risetime  of  the  photodiode.  Saturation  of  the  diode  occurs 
at  2 volts  output  signal;  therefore  a scope  sensitivity 
of  1 volt/cm  or  greater  will  be  necessary  depending  on  the 
existing  fluence  levels. 
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Figure  46.  SPI's  500  mHz  Scintillator  Photodiode 
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A rough  calibration  of  the  device  was  determined 
experimentally  by  measuring  the  output  in  a known  environment. 
The  SPI-PULSE  6000  charged  to  200  keV  produces  a spectrum  that 
approximates  a 15  keV  blackbody.  In  this  environment,  the 
output  was; 

150  volts 

me a 1/cm ^ 


A representative  waveform  is  shown  in  Figure  47.  It  was 
recorded  on  a Tektronix  Model  7904  oscilloscope  (500  MHz) 
with  a 7A19  preamp  (maximum  sv'eep  rate  - 0.5  ns/cm).  With  this 
environment  and  instrumentation  the  operational  fluence 
range  is: 


10 


-8 


cal 


The  range  can  be  extended  to  higher  fluences  by  inserting 
optical  filters  between  the  scintillator  and  photodiode. 


i 
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VERTICAL  SENSITIVITY 


HORIZONTAL  SWEEP 


Scintillator/Photodiode 
Typical  Output 


SECTION  VIII 


SUMMARY 


This  report  has  presented  the  status  of  using  low  voltage  j 

pulsed  electron  beams  for  lEMP/SGFMP  simulation  and  the  status  ; 

of  low  voltage  bremsstrahlung  X-ray  environments.  ' 

( 

i 

Two  specific  examples  of  applying  low  voltage  pulsed 
electron  beams  to  lEMP/SGEMP  simulation  were  discussed  which 
demonstrated  the  utility  of  the  technique.  The  dependence  of 
lEMP  in  a 12- inch  diameter  cavity  upon  cavity  depth  and  pressure 
was  shown.  SGEMP  phenomenology  was  studied  by  ejecting  electrons 
from  the  end  of  a cylinder.  A major  point  to  be  made  is  that 
accurate  electron  beam  diagnosis,  necessary  for  meaningful 
experiments,  is  done  on  a routine  basis. 

Suggestions  were  made  for  further  utilization  of  the 
electron  beam  capability  that  has  been  developed.  In  addition 
to  a wide  range  of  beam  parameters  for  the  geometries  described, 
possibilities  for  increased  lEMP  cavity  size  and  geometry  changes 
in  SGEMP  test  bodies  were  presented.  Also,  it  is  feasible 
to  inject  electrons  into  and  cause  electrons  to  be  emitted 
from  irregular  non-planar  surfaces.  Finally,  the  possibilities 
for  combined  TREE  and  electron  effects  experiments  were 
discussed  and  the  utility  of  using  the  10 -foot  diameter  chamber 
to  assess  clear  time  effects  was  mentioned. 

Using  a tantalum  target  in  place  of  the  anode,  the 
SPI-PULSE  6000  has  been  configured  to  produce  low  voltage 

-3 

bremsstrahlung  X-rays.  Maximum  X-ray  fluences  of  2 X 10 
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cal/cm^  can  be  produced  using  a 2.5-inch  diameter  cathode/ 
anode  geometry.  Fluence  maps  and  time  histories  are 
illustrated  for  all  vacuum  configurations  available  at  SPI. 
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Interservice  Nuclear  Weapons  School 

2 cy  ATTN 

NXS 

ATTN:  Document  Control 

Hq.  USAF/RD 

Chief 

ATTN 

RDQSM 

Livermore  Division,  Field  Command,  DNA 

Lawrence  Livermore  Laboratory 

Commander 

ATTN:  FCPRL 

Rome  Air  Development  Center,  AFSC 

ATTN 

Edward  A.  Burke 

Under  Secretary  of  Def.  for  Rsch.  & Engrg. 

ATTN:  S&SS  (OS) 

SAMSO/DY 

ATTN 

DYS 

DEPARTMENT  OF  THE  ARMY 

SAMSO/MN 

Director 

ATTN 

MNNG 

BMD  Advanced  Tech.  Ctr. 

ATTN 

MNNH 

Huntsville  Office 

ATTN:  RDMH-O 

Commander  in  Chief 

Strategic  Air  Command 

Commander 

ATTN 

XPFS 

BMD  System  Command 

ATTN 

NRI-STINFO  Library 

ATTN:  BDMSC-TEN 

SAMSO/XR 

Dep.  Chief  of  Staff  for  Rsch.  Dev.  & Acq. 

ATTN 

XRS 

DEPARTMENT  OF  ENERGY 


University  of  California 


ATTN: 

DELHD-RCC,  Raine  Gilbert 

Lawrence  Livermore 

Laboratory 

ATTN; 

DELHD-RCC,  John  A.  Rosado 

ATTN:  Tech. 

Info.  Dept.  L-3 

ATTN: 

DRXDO-TI,  Tech.  Lib. 

ATTN: 

DELHD-NP 

Los  Alamos  Scientific  Laboratory 

ATTN:  Doc.  Con.  for  Reports  Lib. 

Sandia  Laboratories 
Livermore  Laboratory 

ATTN:  Doc.  Con.  for  Theodore  A.  Dell  in 

Sandia  Laboratories 

ATTN:  Doc.  Con.  for  3141,  Sandia  Rpt.  Coll. 
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DEPART>tENT  OF  DEFENSE  CONTRACTO RS 


% Aerospace  Corporation 


ATTN: 

Library 

ATTN: 

Julian  Reinheimer 

ATTN: 

Frank  Hai 

ATTN: 

V.  Josephson 

Avco  Research  & Systems  Croup 

ATTN:  Research  Lib.  A830,  Rm.  7201 

The  Boe Ing  Company 

ATTN:  Preston  Geren 

Computer  Sciences  Corporation 
AiTN:  Alvin  T.  Schiff 

Dikewood  Industries,  Inc. 

ATTN;  K.  Lee 
ATTN:  Tech.  Lib. 

General  Electric  Company 

Space  Division 

Valley  Forge  Space  Center 

ATTN:  Joseph  C.  Peden,  VFSC,  Rm.  ^t230M 

General  Electric  Company 
TE>tPO-'Center  for  Advanced  Studies 
ATTN:  William  McNamara 
ATTN:  DAS I AC 

Institute  for  Defense  Analyses 
ATTN:  IDA  Librarian 

IRT  Corporation 

ATTN:  Technical  Library 
ATTN:  Dennis  Swift 

JAYCOR 

ATTN:  Library 
ATTN:  Eric  P.  Wenaas 

JAYCOR 

ATTN:  Robert  Sullivan 

Kaman  Sciences  Corporation 
ATTN:  Library 
ATTN:  W.  Foster  Rich 
ATTN:  Jerry  I.  Lubelll 
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DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Lockheed  Missiles  & Space  Co.,  Inc. 

ATTN:  Dept.  85-85 

McDonnell  Douglas  Corporation 
ATTN:  Stanley  Schneider 

Mission  Research  Corporation 

ATTN:  Conrad  L.  Longmire 
ATTN;  Roger  Stettner 

Mission  Research  Corporation-San  Diego 
ATTN:  V.  A.  J.  Van  Lint 
ATTN:  Library 

R&D  Associates 

ATTN:  Technical  Library 
ATTN;  Leonard  Schlesslnger 

Rockwell  International  Corporation 
ATTN:  Technical  Library 

Science  Applications,  Inc. 

ATTN:  Willaim  L.  Chadsey 

Simulation  Physics,  Inc. 

ATTN:  S.  H.  Face 
ATTN:  R.  A.  Lowell 
ATTN:  W.  A.  Seigler 

Spire  Corporation 

ATTN:  Roger  G.  Little 

SRI  International 

ATTN:  Library 

Systems,  Science  & Software,  Inc. 

ATTN:  Technical  Library 
ATTN:  Andrew  R.  Wilson 

TRW  Defense  & Space  System  Group 

ATTN:  Tech.  Info.  Center/S-1930 
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